SUMMARY Liver I gas partition coefficients for isoflurane, enflurane, halothane and methoxyf/urane increased two-fold in rats killed 16 h after a single injection of 15% ethanol 7 g kg-1 . In contrast bloodjgas and brain/gas partition coefficients did not change. Chronic (21 days) ingestion of ethanol increased liver j gas partition coefficients four-fold, although this increase was largely attributable to nutritional changes rather than to a direct effect of ethanol. Only minimal changes (usually not more than 15%) occurred in blood/gas and brain/gas partition coefficients. On account of this effect of ethanol on anaesthetic solubility in the liver, the ingestion of ethanol may modestly increase uptake of anaesthetic during the induction of anaesthesia.
water until the start of the investigation. They were exposed to a light cycle of 12 h light and 12 h dark. All animals were killed (carbon dioxide inhalation) between 6 a.m. and 11 a.m.
Aliquots (approximately 2 ml) of blood, liver and brain (the whole brain) were taken for the determination of tissue/gas partition coefficients for enflurane, isoflurane, halothane and methoxyfluraneat37 °C. Blood samples were anticoagulated with EDTA. The method used for determining partition coefficients has been described previously (Fassoulaki and Eger, 1986) .
Single injection of ethanol
Seventeen rats were weighed and divided into two groups. The experimental group (« = 9) was given ethanol 7 g kg~J subcutaneously as a 15% solution in normal saline ("acute ethanol" rats) . This dose produced a profound state of narcosis, and two of the rats died. The control group (n = 8) was injected with the same volume of physiological saline per kilogram body weight as that given to the experimental group ("acute control" rats). After the injections were made, food was withheld from both groups. Rats were killed 16 h after injection. All livers were removed and weighed.
Chronic ingestion of ethanol
Twenty rats were weighed and divided into two groups. The following diets were given instead of rat chow and water. The experimental group (n = 9) was given a mixture of 7 % ethanol plus 15% sucrose in Ringer's lactate ("chronic ethanol" rats). To this mixture were added 0.22 % ethyl linoleate and a vitamin mixture (per litre: vitamin A 3 mg, vitamin D 10 ug, vitamin C 200 mg, vitamin 1^ 10 mg, vitamin B s 10 mg, niacinamide 100 mg, vitamin B, 5 mg, vitamin B 12 5 |ig and panthenol 20 mg). The control group (n = 11) was given an identical mixture, except that ethanol was omitted and the concentration of sucrose was increased to 20% ("chronic control" rats). Initially, the two groups were "pair fed"; that is, the volume consumed by a chronic ethanol rat was then given (without ethanol) to its peer chronic control the next day. However, two of the chronic control rats died after 13 and 15 days (respectively) of this diet, and the volume given to all chronic control rats was increased by 20 ml per day thereafter.
After 21-22 days of this diet, the diet was discontinued and rats were given water but no food for 16 h. Then rats were killed and weighed; aliquots of blood, brain and liver were taken for determination of tissue/gas partition coefficients. In addition the liver was weighed.
A separate group of female Sprague-Dawley rats of similar weight who had been fed standard rat chow up to the time of killing and who had not received ethanol provided a separate control group ("fed rats"). They were allowed unrestricted access to water. The rats were purchased at the same time and from the same vendor as the experimental rats.
Statistics
To determine whether alcohol acutely influenced solubility, we compared the results for the acute control v. acute ethanol groups using t tests. Similarly, tests were made for the chronic control v. chronic ethanol groups. Comparison of the values for the acute ethanol group with those obtained from the chronic ethanol group tested whether acute administration differed from chronic administration in its effect on solubility. As a final control comparison, we tested the data for all groups against the data obtained from the fed rats. We accepted P < 0.05 as representing statistical significance.
RESULTS
Liver/gas partition coefficients were higher in the acute ethanol group than in the acute control group (table I) (P < 0.025). Both groups had liver/gas partition coefficients that were higher than those obtained in fed rats (P < 0.025) except when halothane and methoxyflurane were compared for acute control v. fed values (ns).
Rats in the chronic ethanol group had liver/gas partition coefficients that were markedly higher than those for acute ethanol rats (P < 0.025). However, this increase was not significantly greater than that found in the chronic control rats fed a similar diet without ethanol (table I). Both groups of rats had higher liver/gas partition coefficients than fed rats (P < 0.005).
Only small differences were found in the partition coefficients for blood or brain in any comparisons among the various groups (tables II and III). The blood/gas partition coefficient for enflurane in the chronic ethanol rats was lower (P < 0.05) than the blood/gas values for the blood from fed rats, from acute ethanol rats or from chronic control rats. The brain/gas partition coefficients for all anaesthetics for the chronic ethanol rats were 11-25 % (P < 0.05) higher than the coefficients for fed rats. A similar trend was found in the chronic control v. fed rats (a significant difference was found for only the enflurane and halothane comparisons). All chronically treated rats lost weight. Weight loss tended to be greater in chronic ethanol rats (71.0±4.82g v. 58.2±5.6g) than in chronic control rats. Livers of chronic ethanol rats weighed less (6.67 ±0.17 g, mean±SEM) than livers from acute ethanol rats (7.38 ±0.18 g).
DISCUSSION
Consistent with our thesis is the fact that the acute administration of ethanol increased anaesthetic solubility in the liver. We believe these results reflect a change in the lipid content of the liver rather than a change induced by dehydration. Dehydration was a consideration, because rats injected with ethanol ate nothing and drank little or nothing for 16 h. However, dehydration also would have increased the protein and lipid concentrations in blood and brain, and yet no changes in anaesthetic solubility in blood and brain were found in rats injected with ethanol.
The increase in anaesthetic solubility in the liver is consistent with an increased mobilization of fat from fat stores (Scheig and Isselbacher, 1965; Lieber, Spritz and De Carli, 1966) . However, the argument that mobilization is increased has been disputed (Brodie et al., 1961; Mallov, 1961) . Alternatively, acute administration of ethanol may decrease the metabolism of fatty acids by the liver.
Also consistent with our thesis is the fact that chronic ingestion of ethanol was associated with a four-fold increase in the liver/gas partition coefficient. Such an increase could be explained by a large hepatic accumulation of fat, as occurs in humans and rats. This fat is not the same as that found in peripheral stores (Lieber and Spritz, 1965) . Prolonged ingestion of ethanol produces a fatty liver by increasing the synthesis of fatty acids by the liver and by decreasing their oxidation (Lieber, De Carli and Schmid, 1960; Reboucas and Isselbacher, 1961) . However, this increase did not differ from that found in rats fed the same diet but no ethanol. Thus the increase in solubility in the rats fed ethanol cannot be attributed to ethanol itself. The increase in solubility in both groups is qualitatively the same as the increase associated with starvation (Fassoulaki and Eger, 1986) . Malnutrition may explain the fatty livers and increased solubility found in both of the chronically treated groups. Not consistent with our thesis, however, is the fact that blood solubility did not increase after acute or chronic administration of ethanol. Thus, either fat mobilization is too small or the liver or other organs clear the fat too rapidly to permit an increase in blood lipid concentrations sufficient to affect solubility. However, these data in rats may not apply to humans. In humans, there is a strong correlation between chronic alcohol consumption and the concentrations of high-and low-density lipoprotein cholesterol (Castelli et al., 1977) . A weaker correlation exists for alcohol ingestion and plasma triglyceride concentration.
If our data apply to patients, acute ingestion of ethanol should slightly increase uptake of inhaled anaesthetics during induction of anaesthesia and thus delay induction. However, alcohol would contribute to the anaesthetic state, and thus induction might be hastened. The chronic ingestion of alcohol produces a four-fold increase in liver solubility, and such an increase in solubility would have a more profound effect on the initial uptake of anaesthetic and, hence, on the induction process. The delay in induction would be compounded by the tolerance to anaesthesia produced by chronic alcoholism.
